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This article describes the initial design and implementation of a computerized data
base created to support the DSN Energy Conservation Project with data relating 1o energy
use at Goldstone Deep Space Communications Complex. I addition, it bricgly gives the
results of development work to date and identifies work currently in progress or in the

planning stage,

1. Introduction

The Deep Space Station fucilities consume a signiticant
amount of encrgy, for which the lust few years have been the
tocus for energy conservation, Crucial to any endeavor to re-
duce encrgy consumption is the acquisition and maintenance
of relevant information. Prior to 1976, information was man.
wally acquired. handled, and processed. In response to limited
human resources and considering the emergence of a Central-
ized Management Data Base System (the DSN Data Base), the
DSN Energy Conservation Project commissioned the ercation
of @ computer-based encrgy data base whose preliminary
design was implemented in 1976,

Il. The Goldstone Energy Data Base

The concept of an cnergy daty base was conccived from the
prowing awiareness of the need for a readily available and casily
accessable souree of information relating to the wse of energy
resourees, Initial attempts o gather data for energy studies
being  conducted at the Goldstone Deep Space Commu-
nications Complex (GDSCC) were frustrated by the degree of
cttort and length of time required to locate and research intor-
ntation, This illustrated the desirability of creating a formal,

centralized data base which would provide:

(1) A readily available source of technical wnd descriptive
data,

() A central, standardized reference to augment engr-
neering analysis and design,

(3) Information for effective energy manageiment,

(1) A historical record tor comparison ot actual pertor.
nunee with project goals.

(3) Information for preparing NASA Energy Program Re-
ports.

Using these objectives as a guide, a preliminary enerey data
base was ereaed and called the Goldstone Energy Data Base.
1t was implemented in November 1970 and contained sivteen
tiles describing such Goldstone facility parameters as: building
architectural construction, utilities, equipment loads, tacihiy
openttions, and weather, as shown in Fig. 1. The daty were
collected and placed into a publicly accessable permanent cata
log file on the GPCEF Univac 1108 titled GOLDSTONI®
ENERGY, and an accompanying user doctiment was witten
and released to explain the design philosophy and provide uses
aceess instructions, One application for the data bise was 1o
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provide input duta for certain engineering energy analysis and
design computer programs such as E-CUBLE, NECAP, and the
Energy Consumption Program. These programs require infor.
mation about building construction, operation, and equipment
loads. A briet description of cach fite listed in Table 1 tollows,

(1) The interior architectural files, ARC/100 and ARC/
200, deseribe cach room of the Goldstone buildings by
its wall, Noor, and ceiling dimensions, and their con-
struction materigl U-factor (thermad transmissivity ).
Both files designate which zone of the building air
conditioning system serves cach room,

(2) The interior lighting file, INL/100, describes the num.
ber of room lighting tixtures and their loads in Kilo-
wirtts, Both quantities are listed separately by flou-
reseent and incandescent light tixtures. Lighting is also
a heating load. which is imposed on a fixed zone of the
building air conditioning system. Average light level in
foot candles is identitied as a requirement for the tune.
tion and occupaney of the room,

{3 The interior oveupaney file, OCC/100, lists the person-
nel capacity and actual occupancy tor cach room by
cight-hour work shifts for week and weekend  day

1vpes.

4
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The Interior Electrical Equipment Files, EEQ/100 and
EEQ/10L, provide a listing by room, number of racks,
tvpe of equipment, and total rack power oad in Kilo-
watts: also, there is o breakdown by rack ot each piece
of equipment giving subsystem name and number, Pow.
or load in Kilowatts, and the corresponding heat dissi-
pated, is given for various operational modes, which
include normal station tracking operation, standby, and
station closed,

(5) The Exterior Lighting File, EXL/100, describes lighting
tor the exterior arca of cach building, which includes
number amd type of light fixture on cach wall, wall
orientation, and power in Kilowatts,

(©
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The Building Airconditioning Plant Files, ACP/100 and
ACP/200. identity and locate each air conditioning
plant. Each major component is described by size, type
and energy load. Air handler size is given in ¢fm and
compressor size in tons. Power used by humiditiers,
bailers, heaters, and condensor motors is expressed in
kitowatts,

The Power Plant Fites, PIPL/100 and PPL/200, describe
and Jocate all diesel power plants at Goldstone. The
nmber of Tequeney convertors, engine generators,
and theie respective power used or produced is listed,

(7
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(8) The Building Utitities File, UTL/ 100, designates all atil.
ities entering cach building, which includes, electrival
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power by voltage and frequencey, telephone, public .
dress. microwave Nacilities, LI gas, water, amd sewer,

(V) The Weather Files, WEATTO0. WEN 200, WEA SO0,
and WEA/A00 deseribe diy bulb temperture, dew
point temperature, cloud cover ratio, and wet bulb
temperature, respectively, Each file consists of howly
vadues for cach day ot statistically representative vea

Il. Preliminary Design Requirements

Certain data base requirements were determined to be de-
sirable by project management. For example, it was consudered
desirable that oll data be traw™ data, due o ahe past epee.
rience of having ditTiculty in assessing the integrity ot acquned
data, This meant that, w0 the extent possible, data salues
should be directly observed, unconverted. and not derived via
compitation from other data,

Another requirement was that data should be entered mte
tiles in a tormat that would be human-readable, requiring no
interpretive soltware to produce reports. In part, due to the
limited size of the sttt availuble tor data base design and
implementation, user application sottware was left 1o the user
for development. Data base files were created on the Univae
1108 as system tile clements. Thus they are compatible with
MBASIC!™  and FORTRAN Progrimming Tanguages. Plus
physical record length was constrained to g maximum of 8O
characters to provide both system flexibility and o convenient
terminal display format,

Recently, stamdard guidelines have been published for the
design and implementation of data bases on the DSN Data

CBase System, This DSN Standard Practice document and the

recentt inclusion of the DSN Energy Data Base into the DSN
Technical Facilities Subsystem is currently resulting in the re-
assessment of DSN Energy Data Base functional design re-
quirements.

IV. Data Base Design

The Goldstone Energy Data Base is designed as a collection
of hierarchically structured groups of files (as shown in Fig, 20,
This design is intended to provide opportunity tor data base
growth with minimal steuctural limitations as well as providing
Nexibility in its eventual incorporation into the DSN Data
Base System,

Data is divided into groups of files containing related data
categories as shown in Table 1. All groups consist of one ot
more files that are structured into three levels: prinuny, sev:
ondary, and tertiary. Each level represents a breakdown of
information or other relational association with the tiles in the



level whove, The first file of cach level is defined as the initial
tile. When the logical data record exceeds the maximum length
permitted in the initial file. up to cight “continuation files™
may be created to provide the required logical record length as
shown in Fig, 3,

Files are labeled by a three-character acronym preceeding
a three-digit numerical sequence, The acronym identities the
file group while number sequence indicates level and whether
it is an “initial™ or “continuation™ file. File structure, shown
in Fig, 4, consists of three record types. The first is the identi.
fication record containing information required to identity the
Aile, companion documentation, transaction dates, and the in-
dividual responsible for data integrity. The second record is
the header record, which provides column headers aligned over
each data field that identity the respective data items, The
remainder of the file is data records having the same format as
established by the header record,

In accordance with design specification, application soft-
wire was not developed. However, two interactive data access
programs were written in MBASIC to provide the casual user
with outputs of data base files, The program titled DISPLAY
displays files on the users demand terminal while COPY.EG
outputs to GPCF line printers,

Deseription of cach file group giving narrative and file com-
puosition data wax documented into a modularly - organized
users document entitled: “DSN Energy Project Data Base Fa.
cility Parameters for Goldstone™. The document describes data
base purpose and scope, design structure, deseription of each
file group, and data access instructions. The modular con-
struction of the document provides for addition of sections as
new files and groups are added to the data base,

V. Current Status and Future Development

Several additional data categories have been added to the
data base sinee its initial creation, The sixteen original tiles
have grown to nearly thiny, and additional files are in the
planning stage, This has resulted in five new groups as well as
additional new files to existing groups. Figure § and Table 2
show the current and planned growth of the DSN Energy Data
Base.

(1) The Energy Consumption Duta Group (ECD) consists
ot seven files with five more in planning, This group
lists individual readings from meters that measure con-
sumption of LI gas, diesel tuel, gasoline, electrical pow.
cr.and water, Also, monthly billing is listed for each
respective type, Two additional tiles complete the
roup: one lists total monthly energy usage by energy

tvpe, and the thermal equivalent that enables the com.
putation of Goldstone total energy consumption, The
other is a cross-reterenge file, providing meter serial
number, reading conversion factors, meter location,
and installation dates.

() The Programmatic Energy Change Group (PGM) con.
sists of three files which Keep a historical record of
NASA program related changes in energy usage ot
Goldstone. Such changes include installation or re.
moval of equipment, variation in operational schieduies.
and operational duty cvele.

(3) The Energy Conservation Change Group (COND 1
planned 1o keep a record similar to the PGM group, but
relating to energy conservation actions,

(4) The Building Operation Mode Group (BOMY is sull in
the planning stage. but is expected to contam faciluy
operational specitications and related data Tor cach
building. ’

(5) The DSN Data Base Intertace Group is a special cate.
gory of four files required by i recently published DSN
Standard Practice document. These tiles, which are
the planning stage. will provide the user with a file
catalog, listing files with a nareative description of thei
purpose and contents. The data dictionauy defines each
data item and deseribes its location, type. and sire
within the data tile, The interface group becomes a part
of a larger data base interface increment within the
DSN Data Base Svstem upon the implementition and
transter of the DSN Energy Data Base to that system,

Not only has the Goldstone Energy Data Base c\pundcd:
but there is consideration to extend the data base to inchnde
the Austratian and Spanish Deep Space Commumication Com-
plexes, which would result in the creation of a DSN Energy
Data Base.

As mentioned above, the energy data base is being defined
as a group with the Technical Facilities subsysteme and consid-
crable review of the data base functional requitements s
expected. As a result of new requirements, coupled wath the
potential tor autonutic data acquisition suggested by the e
velopment of a Technical Facilities Controller (TFC) DSN
Monitor and Contro! (DMCY Mark T and the ereation o the
Configuration Control Assembly (CCAY which will contann
the DSN Data Base, considerable change 1o the design of the

data base is expected.
In the new design, an elementary data management sy stem

will be added consisting ot data mamtenanee sotftwae, use
aceess progriams, amd somie applications sofiwae.
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At the same time ol the development of the Goldstone
Energy Data Base, a Goldstone Facility Management Data
Management System was designed, and an automated data
system was implemented (sce Ref. 2). This resulied in a Gold-
stone Facility Management (GFM) Data Base that, among oth-
er functions, collected facility energy consumption data for
monthly reporting to NASA. The DSN Energy Conservation
Project and Goldstone DSCC management decided that the
GFM data base was duplicating the Goldstone Energy Data
Base in the arca of energy related files. Therefore, the DSN
Energy Data Buse will assume the energy refated data manage.
ment tasks of the GFM Data Base in the new design. This will

require the development of some user application software to
generate required NASA reports,

VI. Summary

The initial energy data base implemented tor Goldstone
DSCC provides information support to the DSN Energy Con-
servation Project. Recent events will lead to an enhanced and
expanded data management system design that will not only
fulfitl these objectives, but may provide other applications for
general facility administration and engineering when incorpo-
rated into the central DSN Data Base System,
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Table 1. Goldstone Energy Data Base Content (1976)

. File

Group Nume Number
Ruilding Air Conditioning Plant 100
(ACP)
Buitding Air Conditioning Plant 200
(ACIY
Ruilding Utilitics 100
(T
Exterior Lighting 100
tEXD)
Interior Architectural oo
(ARC)
Interior Architectural 20
(ARQO)
Interior Electrical Eguipment [JUY
(EEQ)
Interior Electrical Equipment o1
(EEQ)
Interior Lighting 100
(INLY
Interior Oceupancy 1o
(0CC)
Power Plant 100
Ly '
Power Plant 200
ey
Weather 100
(WEA
Weather 200
(WEA)
Weather RIUY
(WEA)
Weather 400
(WA

File
Type

Initial
primary

Continuation
primary

Initial
primary

Initial
primary

Taitiol
primary

Continuation

primaey

Initial
primary

Scvondary
Initiat
prinary

Interior
primary

Initial
primary

Continuation
primary

Initial
primary

Continuation
primary

Continuation
primary

Continuation
primary

Deseription

Plant and compressor
type and size; Kilowatts
tsed

Hhumidifier, boiler and
heater type: Kilowatts
used

Electricat and Mechanical
type and clase

Location and number of
fintures: Kitowuatts used

Wall dimensions and
Uetuctor

Ceiling and tfloor dimen-
siong and Utactor

Number of racks and
Kilowitts used per toom

Kilowatts used por rack,
NDL number

Location and number of
tinturess Kilowatts used

Actial occupaney by room;
capacity by room

Station power plant
Trequency converters

Station power plant
enginge gencrating power

Dry butb data;
Hourly

Dew point data:
Hourly

Cloud cover daty;
Houtly

Wet bulb data:
Nourly
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Table 2. Additlonal DSN Energy Data Bank Contents (1979-1980)

Group Name FFile Name

Encrgy Consumption Data ECD/100

ECD/10t?

LCD/200

ECD/201*

ECD/300

ECD/3M !

ECD/A00
ECD/401
ECD/500*

.

ECh/Sot®

ECD/600

ECD/610

Programmatic Energy Changes PGM/100
PGM/ lQl
PGM/IO2

Conservation Energy Changes CON/L0O?
CON/TO®

CON/J1O2

Description

Monthly LPG meter readings
in gallons

LPG billing data

Monthly dicsel fucl meter
readings in gallons

Diesel tuel billing data

Monthly water meter readings

in gallons
Water billing Jata

Monthly electrical meter
readings in kitowatt hours

Commercial clectrical power
readings; SCE billing
Maonthly gasoline data in
gallons

Gasoline billing data

Sumnary report ot monthly
total energy use: megawant
houes thermal

Meter crosserelerence between

meter vodes and §/NG

installation and remaoval dates,

neter locations

Sumnnary report of Kilowstt-hour

changes in use

Journal entey of Juty-cyele
and measurement code

Journal entry of type and
load change

Summary report of Kilowatt-hour

changes inuse

Journat eantry of duty~yele
and measurement code

Journal entey ot tvpe load
change '
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Table 2 (contd)

Group Name

File Name

Description

Buitding Opetation Mode

Data Dictionary

Vile Catalog

BOM/100?

BOM/200%

BOM/3004

DIC/t00?

DIC/200*

CAT/300%

Building lighting and HVAU

Operational Specitivations

Building lighting and 11VAC

Opetational Specitivations

Building lighting and HVAC

Operational Specitications

Element name, tile name,
field length, position
data type

Llement definition, and
relationships

FFile name, purpose, and
content

Fhese files have not been implemented (planning stage).
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GOLDSTONE

ENERGY
INTERIOR INTERIOR INTERIOR e AL EXTERIOR BUIDING AIR POWER BUILDING WEATHER }
ARCHITECTURAL LIGHTING OCCUPANCY T UGHTING CONDITIONING PLANT UTILITIES WeaT
GROUP GROUP GROUP GROUP GROUP PLANT GROUP GROUP GROUP J
WALL FILE LIGHTING OCCUPANCY ELECTRICAL LIGHTING AIR CONDI- FREQUENCY UTILITIES DRY 8ULS
P (ARCN00) FILE FILE EQUIPMENT FILE FILE L TIONING FILE | |= CONVERTER FILE FILE — FILE
(INL/100) (OCC/100) (EEQ100) (EXL/100) (ACPNOC) (PPLAOO) UTL 100 (WEA/100)
CEILING AND SECONDARY AIR CONDI- ENGINE DEW POINT
‘= FLOOR FILE EQUIPMENT FILE L TIONING FILE | L GENERATOR FILE 4 FiLE
(ARC/200) (EECN101) (ACP/200) (PPL/200) (WEA/200)
cLouo
L COVER FiLE
(WEA,300)
WET BULD
—  FIE
(WEA/403;

Fig. 1. Goldstone Energy Data Base (1976)
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IDENTIFICATION RECORD
(RECORD HAS SAME FORMAT FOR ALL FILES)

HEADER

RECORD

(RECORD FORMAT WILL VARY FROM FILE TO FILE AS
REQUIRED BY THE FORMAT OF THE DATA RECORDS)

DATA RECORDS
(RECORD FORMAT WILL VARY FROM FILE TO FILE
BUT REMAINS THE SAME WITHIN EACH FILE)

Fig. 4. Flle structure
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A - FILES NOT IMPLEAENTLD

GCOLOSTONE ENERCY MASOASMICROWAVE ATAMCSIREEIC AND SOLAR

DATA BASE DATA ACOUISITRON YS1EM-DCS 1
(DSN® GED)
| I ] I T 1 | 1
OSNDS INTERIOR INTERIOR INTERIOR INTERIOR BUILDING AR POWER WNOING
INTERFACE ARCHITECTURAL LIGHTING OCCUPANCY UGHIING CONDITIONING PLANT vt
GrOUr Grour GrOUP GROU?P GrOUP PLANT GROU?P Grour Grov
A A |_
DATA DATA WALL N 1 HIIN AIR CONDI- AR CONDH- FREQUENCY ENGINE uTRUITIES
OKTIONARY |— DICTIONARY FILE r— ffgo:c:u&z :'&mmc 'o’f!c uraNcy ::lcl e TIONING FILE =1 TIONING FLE CONVERTOR FILE = GENERATOR Fitt Fre
{(DICN00) {DIC /200) (ARC 00} (ARG/200) (INLAO0) (OCCN00) (EXL100) {ACPN00) {ACP/200) {PPLAOO) (PPL 200} (U100
A
e
CATAL0G
(CATNO0)
e
st
(FILES)
INTERIOR ENERGY ENERGY
Pl ELECTRICAL PROGRAMMATIC CONSERVATION CONSUMPTION
OPERATION CHANGE CHANGE DATA
GRrOUP EQUIPMENT GroUr <
GrOUP ) croup Grour
MMA ™ A GOLDSIONE
wiong A sunome A winomne A ELECTRICAL PROGRAMMATIC CONSERVATION e eTER orEsEL FUEL CwaATER rower gasouNE gouwstont
OPERATION Ly OFERATION | OFERATION EQUIPMENT CHMANGE CHANGE FILE b METERFNLE METER FILE METERFILE FIce e
MODE MODE MODE FILE REPORT FRLE REPORT FILE (ECD/00) (€cD/200) (£€D,300) (ECD/400) | (tco-s00 LECO. a0
(350M/100) (830M/200) (80M/300) (££Q100) (roMr00 (CON/T00) |
\A AdTLR
DIESEL WATER GASOUINE
e rocrammarc | | rrocrammarc CONSERVATION [ | CONSERVATION LPG BILLING FUEL SILUNG BILLING SCE BLUING SIUING | TLFLEENCE
e CHANGE FiLt L CHANGE FILE CHANGE FILE CHANGE FILE FILE e E1LE e " 3 Fie
(£€Q01) (remnon (PGMN 02} (CONOT) (CONNCR) (ECDNOY) (£CO201 (£C0/201) (ECD/40M) (ECD, 501 (1CD. 610y
WEATHER
[«1]e Vg
DEY ULh DEw POINT cLouo wET LS WIND
FIE FiLE -—J_ COVER FILE FILE 5\:}!‘2 ’&!‘
(WEANOO) (WEA/200) (WEA/00) {WEA/400) (WEA, $00)
A A MASDAS A aasoas
MASDAS MASDAS AMASDAS MASDAS MASDAS WIND SPEED || WIND
- Otyauls REL HUMIDITY J PYROMEUO- Ll pyrOMErER WET BULS AT 100 FEET DIRECTION
(wetanol) (WEA/201) METER (WEA/30) (WEA/4CH) (WEA,SO1) (WEA,“50D)
(WEA201)
te ECHO CONTROL PIONEER PIONEER MALS MARS £CHO CONTROL PIONEER PIONEER NARS AVARS MASDAS A
i
O SNTSIOE | | go0m Ll runum | jcoNTrOL 1OOM PLENUM CONTIOL ROOM O Dutaat L ROOM PLENUAS | _IconmoLroom | | PLENUM CONTEOL 100N o smto
(WEAN10) oY sULS orY sULs DRY BULS orY sULS ORY UL (WEAZTO) 7 ret wuavonry REL HUMIDITY REL MUMIDITY REL HUMIDITY “sv‘!:”?"‘ i AWEA/S10)
(WEAMIY) (WEAN12) (WEAN1)) (WEAN14) (WEAN1S) d } (WEARIT) (WEA/21D) (WEA/21D) (WEA/214) (WEA,

Fig. 5. DSN Energy Data Base (1979 - 1980)
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